Background Nailing comminuted femur fractures may result in leg shortening, producing significant complications including pelvic tilt, narrowing of the hip joint space, mechanical and functional changes in gait, an increase in energy expenditures, and strains on spinal ligaments, leading to spinal deformities. The frequency of this complication in patients managed with an intramedullary (IM) nail for comminuted diaphyseal fractures is unknown. Questions/purposes We therefore determined (1) the frequency of LLDs, (2) whether a specific fracture pattern was associated with LLDs, (3) the frequency of reoperation, and (4) whether revision fixation ultimately corrected the LLD.
Introduction
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Unlike open techniques, these methods do not rely on direct visualization of the fracture and an anatomic reduction of the femur. In fractures presenting with no comminution or comminution of less than 50% of the width of the bone, achieving the correct length is performed using fluoroscopy and verifying that cortical contact of the fracture has been achieved. With extensive shattering or segmental comminution, the ability to obtain cortical contact may be lost. Although traction techniques are used to avoid leg shortening, for a few of these unstable fractures, shortening may still occur. If shortening occurs, the leg length discrepancy (LLD) can produce a pelvic tilt [7] , narrowing of the hip joint space [25] , mechanical and functional changes in gait producing an increase in energy expenditures [9, 16, 27] , and strains on spinal ligaments, leading to spinal deformities [5, 6, 32] .
When patients present with an LLD, physical examination methods using either a tape measure, from the anterior superior iliac spine to the medial malleolus, or the block method, obtained with patients standing on blocks to level their pelvis [24] , are indirect techniques that do not measure the specific length of bones and may be affected by conditions that produce a fixed pelvic tilt. Plain radiographic methods consisting of orthoroentgenograms, scanograms, or a teleoroentgenogram have been shown to be more accurate than clinical methods but may also miscalculate an LLD if flexion of the extremity occurred during the exposure [24] . Other methods to evaluate an LLD have included ultrasound [17] and MRI [20] but have shown less reliability than radiographic methods [24] . Currently, digitalized CT images, using an AP or lateral scout view of the bilateral femurs, appear to be the most cost-effective and reliable method to evaluate LLDs [1] .
The problem is in identifying and efficiently correcting any LLD during the perioperative time of fixation. Some intraoperative methods used to prevent shortening have included the preoperative use of a metal ruler marked with lead-impregnated reference lines ( Fig. 1 ), the use of intraoperative rulers [18] , or the use of orthopaedic computer navigation systems [12] . Although techniques describing methods to prevent malalignment or malrotation have been reported [13, 18, 19, 21] , the problem is that they do not assess length. Given the potential complications associated with LLDs, the question is whether equal lengths of the femur can be obtained at the time of the index surgery when significant comminution is identified on injury radiographs.
We therefore determined (1) the frequency of LLDs, (2) whether a specific fracture pattern was associated with a greater production of LLDs, (3) the frequency of reoperation, and (4) whether the revision fixation ultimately corrected the LLD.
Patients and Methods
After obtaining approval through the Institutional Review Board of the University of South Florida (Tampa, FL, USA), we prospectively evaluated all patients presenting with a diaphyseal femur fracture from July 2002 through December 2005 and treated with an IM device. During this time period, there were a total of 402 femur fractures of which 158 were diaphyseal injuries. These diaphyseal injuries were classified according to the AO/OTA classification system [22] into simple fractures (Type A), wedge fractures (Type B), or complex fractures (Type C). Inclusion criteria for this study consisted of all patients who presented with either a Type B or a Type C fracture pattern that underwent fixation with either an antegrade or retrograde IM nail. Ninety-five patients with 104 fractures were identified. Twelve patients did not undergo a CT scan. Six died and six were discharged before obtaining a scan, leaving 83 patients (60 male, 23 female; 91 fractures), with a mean age of 30 years (range, 15-79 years), available for evaluation. All patients underwent static nailings of their fractures. Patients were excluded if they presented with ipsilateral supracondylar or peritrochanteric femur fractures, open growth plates, or pathologic fractures or underwent definitive fixation using an external fixator, flexible nail, or a plating technique. All femurs were reamed 1 to 1.5 mm larger than the nail inserted.
Patient demographics and clinical data were recorded, including the mechanism of injury, age, sex, associated injuries, whether fractures were closed or open [10] , surgical approach (antegrade versus retrograde), whether a fracture table, external fixator, or manual traction was utilized, and operative risk value according to the criteria of the American Society of Anesthesiologists [23] .
Seventy-five (91%) patients had unilateral femur fractures and eight patients (9%) had bilateral femur fractures ( Table 1 ). The five males and three females with bilateral injuries had a mean age of 28 years (range, 17-40 years). There were three Type A, seven Type B, and six Type C patterns. There were two open fractures, classified as one Grade I and one Grade IIIA injuries. Two patients presented only with femur fractures and all eight were treated using a retrograde technique. Forty-two patients (51%) sustained a unilateral Type B fracture ( Unless medical problems precluded patients from being moved to the CT scanner, the protocol consisted of performing a digitized CT scan on all patients on the first or second postoperative day. Using an AP scout image, all scans were performed using a standard CT scanner (GE Medical Systems, Waukesha, WI, USA). All patients were scanned in a supine position with both hips and knees in complete extension. The measurements were performed superiorly from the central 1 .
3 of the femoral head at the hip to the central 1 .
3 of the medial femoral condyle inferiorly at the knee. Using the uninjured side or the noncomminuted fracture for comparison (Type A fracture pattern), measurements of both legs were taken and any fixation producing an LLD and requiring a return to surgery was identified. All measurements were performed by the senior author (DH), but no kappa coefficient was used to measure intraobserver reliability. The CT scan measurements did not assess rotational deformities.
During the study period, our indication for recommending surgery was an LLD measuring 1.25 cm or more. These revision surgeries were recommended to patients and were performed during the hospitalization for the index fracture surgery at a mean of 2 days (range, 1-3 days). 
Results
Among the 83 patients treated for a comminuted diaphyseal femur fracture, only six (7%) demonstrated an LLD of 1.25 cm or more. Only one patient had equal leg lengths, and in the remaining 76 patients (92%), all demonstrated a small, measurable LLD (mean, 0.58 cm; range, 0.1-3.8 cm).
Evaluating the fractures demonstrated that neither the fracture pattern itself nor the presence of bilateral injuries contributed to an increase in LLDs. An overall mean LLD of 82 patients (98%) was 0.58 cm. Patients with bilateral injuries had a mean LLD of 0.53 cm (range, 0.1-2 cm). Only one of these patients had an LLD of 1.25 cm or more, measured at 2.0 cm. In the Type B fractures, the mean LLD was 0.44 cm (range, 0.1-3.8). Two patients had an LLD of 1.25 cm or more. The first measured 1.25 cm and the second 3.8 cm. The mean LLD in Type C fractures was 0.78 cm (range, 0.1-3.36 cm). Three patients had an LLD of 1.25 cm or more. The first measured 1.3 cm, the second 1.5 cm, and the third 3.36 cm.
Overall, seven patients (8%) underwent a second surgery as a result of their fracture. One patient was returned and corrected for a malrotation and two patients were revised after they developed a nonunion. Of the six patients identified with an LLD of 1.25 cm or more, two refused any further surgery. Only four patients (5%), two Type B and two Type C, returned to surgery to revise their LLDs (Fig. 2) . After revision fixation, all seven patients healed.
After revision fixation on the four fractures with LLD, all underwent a second CT scan to assess length. Repeat scans demonstrated that all four femurs exhibited a residual LLD of 0.2 cm.
Discussion
IM nailing has become an accepted method of treating diaphyseal femur fractures. Current techniques have demonstrated high rates of union and little morbidity, along with reproducible results regardless of the approach used or whether the patient presented with polytrauma or an isolated injury [2] . For fractures with little or no comminution, obtaining the correct length can usually be verified using fluoroscopy. When the monitor has demonstrated that cortical contact has been achieved, the surgeon can be reasonably certain that the correct length has been restored. However, significant comminution of the femur will often lack bony landmarks to help judge the correct length of the bone, resulting in a longitudinal malalignment and complications associated with an LLD [5-7, 9, 16, 25, 27, 32] . Even using adjunctive methods of fixation such as manual traction, external fixators/femoral distracters, or a fracture table can still result in a LLD. We therefore used postoperative CT scans to determine (1) the frequency of LLDs, (2) whether or not a specific fracture pattern developed more LLDs, (3) the frequency of reoperation, and (4) whether the revision fixation ultimately corrected the LLD.
Our study has several limitations. First, there is no specific measurement or guidelines in the literature to help direct surgeons as to what LLD is unacceptable and should be revised. Empirically, we used 1.25 cm as a cutoff, but this distance may actually be a normal variant. Using the literature as a guide [3, 4, 28, 29, 33] , 1.5 cm as a cutoff may be helpful, but again this number may just be an educated guess. Given that some plastic deformation occurs at the time of injury, along with some potential bone loss, we may have to accept that some LLD may be a normal, physiologic variant [28] and that the goal of fixation should therefore be to obtain an LLD that is not functionally relevant (perhaps \ 1.0 cm). Secondly, the evaluation of the CT scans was performed by only one person. Although the scans were measured once or twice, there is no kappa coefficient value estimating intraobserver reliability. It is indeed possible that the measurements of these scans are not precise and that the use of others to measure the scans, followed by kappa values for interobserver reliability, may have produced different measurements. The reality however is that this may have only affected two or three patients and would not have affected those with an LLD of greater than 3 cm. Lastly is the concern that there were 12 patients who failed to obtain a scan after their fixation. Six of these patients presented with polytrauma, with significant associated injuries. Their medical conditions precluded them from obtaining a scan and they ultimately died. The remaining six patients were unfortunately discharged before anyone realized that they had not obtained their scans. It is possible that among these 12 patients there may have been some patients with a significant LLD necessitating a revision, but unfortunately this will never be answered.
The first finding of this study was that only six patients (7%) demonstrated an LLD of 1.25 cm or more after index procedure. In 76 patients (92%), an LLD was identified but did not appear to be functionally relevant and may actually have been a normal, physiologic variant. This may be demonstrated in the study by Strecker et al. [28] . In their series, they evaluated 178 healthy paired, atraumatic femurs using a CT scan. What they found was that the median difference between sides was 0.3 cm; at the 95 th percentile it was 0.9 cm and at the 99 th percentile it was 1.2 cm [28] . However, some caution should be used when interpreting these data. The authors noted that, because of the absence of normal statistical distribution, no mean values were available. Thus, all data were reported as medians and percentiles. Regardless, the small amount of measured LLD in 92% of our patients may actually be a normal variant.
Our second question asked whether a specific fracture pattern or the presence of bilateral femur fractures increased the risk of producing a LLD. Overall, we only had six patients (7%) with a significant LLD, defined in this study as 1.25 cm or more. One would intuitively have expected, because of the lack of visible cortical contact, at the completion of surgery, the Type C fracture pattern would create a greater risk for the development of a significant LLD. Indeed, some authors have reported that up to 44% of their cohorts had a significant LLD after surgery [8, 11, 15, 30] . However, this did not happen in our study. Techniques used as an attempt to avoid a significant LLD, especially in Type C fractures, included measuring both legs with the Bell-Thompson ruler preoperatively and recording that distance. Intraoperative techniques included using external fixators/femoral distracters, manual traction, and a fracture table for antegrade nailing to gain length and using an intraoperative ruler to measure the overall length before insertion of the interlocking screws. For Type B fractures, length was assessed by seeing cortical contact on the monitor. However, even with these approaches, some significant LLDs were identified. Given the associated lower-extremity trauma, the potential for bone loss, and an attempt to prevent future complications, the use of a postoperative CT scan, performed in polytraumatized patients with an open Type C fracture, may help ascertain that an LLD of less than 1.0 cm has been achieved [14] .
Our third question concerned the frequency of reoperation as it related to how much shortening was acceptable. Using EMG, Vink and Huson [31] believed that complications do not occur with LLDs of less than 2 to 3 cm while Siffert [26] reported that LLDs of 1.0 to 2.5 cm were rarely symptomatic. However, Gurney et al. [9] demonstrated an LLD of 2 cm had significant effect on oxygen consumption and perceived exertion while authors in three other studies [4, 29, 33] reported that LLDs of 0.64 cm in an athlete or as little as 1.0 cm in the general population produced problems. Indeed, in patients with THA, Edeen et al. [3] found that 32% of patients were aware of a 0.97-cm LLD with up to 24% annoyed when it reached almost 1.48 cm. This sentiment was also echoed by Strecker et al. [28] who recommended correction of any posttraumatic LLD of greater than 1.5 cm. Comparing those recommendations to our study, two patients with an LLD of more 3.0 cm were accepted as necessitating a revision and an argument can be made for the patient with 1.5 cm of distraction. The fourth patient had an LLD of 1.25 cm, and by the time this fracture occurred, during the study period, postoperative CT scans routinely demonstrated an LLD of less than 1.0 cm. An empiric decision was made to return him to surgery to improve his LLD, with the followup CT scans for all four still demonstrating a residual LLD. Therefore, the question of how much LLD is acceptable has not been answered in this study, but a prospective, randomized multicenter trial may be required to answer this question.
Finally, we asked whether the revision fixation ultimately corrected the LLD. The answer would have to be no because, in the four patients who underwent revision for longitudinal malalignment, final scans demonstrated that all four had a residual LLD of 0.2 cm. Two approaches may improve the ability to achieve equal lengths. The first is to anatomically reduce every fragment, potentially stripping their blood supply and producing areas of avascular bone, resulting in more complications without actually achieving equal lengths. The second is the use of intraoperative CT scanning. Although this technology is currently available, it is unknown whether it can be used to provide measurements similar to a regular CT scan.
In conclusion, obtaining equal leg lengths in comminuted femur fractures can be difficult. Regardless of the approach used, the goal should be to obtain an LLD that is less than 1.0 cm because, at this distance, the LLD may actually be a normal variant. In significantly comminuted fractures, a CT scan during the immediate postoperative period can be used to determine whether the LLD is large enough to be of any concern. Care must be taken to ensure that both the hip and knee are in complete extension during the scan to avoid any false positives. Although no concrete guidelines exist for defining what constitutes a significant LLD, we recommend that patients should be informed of potential future complications and a possible return to surgery for any comminuted diaphyseal femur fracture fixed with an LLD of greater than 1.5 cm.
